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7KH QLWULGLQJ SURFHVV LVFRPSOH[DQG WKHGLIIXVLRQRI QLWURJHQ GHSHQGV RQYDULRXVSDUDPHWHUV RIWKHHTXLSPHQW DV
WHPSHUDWXUHRIWKHZRUNSLHFH TXDOLW\RIWKH JORZGLVFKDUJHWLPHRI WKH WUHDWPHQWJDVIORZ DQGFRQFHQWUDWLRQ7KH
ZRUNSLHFH PDWHULDO TXDQWLW\ DQG JHRPHWU\ DUH LPSRUWDQW WRR ,Q >@ WKH SURSHUWLHV RI WKH WUHDWHG PDWHULDO ZHUH
LQYHVWLJDWHGXQGHUGLIIHUHQWSURFHVVSDUDPHWHUV )RUDGYDQFLQJWKHVXUIDFHWUHDWPHQW LQ>@ UHILQLQJPLFURVWUXFWXUH
DQG PLFURDOOR\LQJ SURFHVVHV ZHUH SURSRVHG WR DFWLYDWH WKH IRUPDWLRQ RI DOXPLQXP QLWULGH $O1 E\ SODVPD
QLWULGLQJ
6RWKHUHDUHD PXOWLWXGHRI QLWULGH WUHDWPHQWRSWLRQVDQGGLIIHUHQW W\SHRIHTXLSPHQWV WKDW PDNH GLIILFXOWWRGHILQH
JOREDOPRGHOV DQGFRQWUROVRI WKHSURFHVV$OWKRXJKPDWKHPDWLFDOPRGHOVFDQEHGHILQHGDVLQ>@ PRUHDQGPRUH
RIWHQDUWLILFLDOLQWHOOLJHQFHPHWKRGVDUHDSSOLHG ILUVW WRSUHGLFWWKHVXUIDFHSURSHUWLHV >@ HJKDUGQHVVFKDQJH
QLWULGLQJOD\HUWKLFNQHVV DQGWKHQ WRGHYHORS GHGLFDWHGVRIWZDUHDSSOLFDWLRQVWKDWKHOSWRLPSURYHDQG WR RSWLPL]H
WKHQLWULGH WUHDWPHQWSURFHVV7KHVHDSSOLFDWLRQVRIWHQXVH VRIW FRPSXWLQJVROXWLRQV IRUPRGHOLQJDQGFRQWURO )RU
H[DPSOH WHFKQLTXHVEDVHGRQ DUWLILFLDOQHXUDOQHWZRUNV$11HYROXWLRQDU\DOJRULWKPV($ IX]]\ ORJLF )/ H[SHUW
V\VWHPV (6 DQG FDVHEDVHG UHDVRQLQJ &%5 ZHUH GHYHORSHG DQG LPSOHPHQWHG LQ > @ WR FRPSXWH GLIIHUHQW
YDOXHVRIWKHSURFHVVSDUDPHWHUV LHWHPSHUDWXUHWLPHJDVIORZ DQGDVVLVWWKH HQWLUHSURFHVV
7KH SDSHU SUHVHQWV WKH GHVLJQ VWDJH DQG VLPXODWLRQV RI IX]]\ ORJLF FRQWURO RI WKH ZRUNSLHFH WHPSHUDWXUH LQ
SODVPDQLWULGLQJSURFHVV 7KHLGHDRI VXFKFRQWUROV\VWHP ZDVJLYHQE\WKHIDFWWKDWWKH FXUUHQWFRQWUROV\VWHPRIWKH
DFWXDO QLWULGLQJ HTXLSPHQW UHTXLUHV FRQVWDQW KXPDQ VXSHUYLVLRQ DQG LV XVHG RQO\ IRU PDLQWDLQLQJ WKH ZRUNLQJ
WHPSHUDWXUHRI WKH LQVWDOODWLRQ 7KHPRGHUQ VWUXFWXUHRI WKH FRQWUROOHU ZDV FKRVHQGXH WKH QDWXUHRI WKH FRPSOH[
HTXLSPHQWSUHVHQFHRIQRQOLQHDULWLHVDQGXQFHUWDLQWLHVDOVRODFNRINQRZOHGJHUHJDUGLQJVRPHSDUDPHWHUV DQGLW
ZDVGHVLJQHGE\XVLQJWKH SUDFWLFDOH[SHULHQFHLQQLWULGLQJSURFHVVHV7KH IX]]\ORJLFFRQWURO ZDVLPSOHPHQWHGLQ
WKH0DWODE6LPXOLQNHQYLURQPHQW DQGWHVWHGLQDVLPXODWLRQGLDJUDP ZKLFK FRQWDLQVDOVRWKH QHXUDOQHWZRUNPRGHO
RIWKHZRUNSLHFHKHDWLQJHIIHFW FRQVWUXFWHGLQ>@ 7KHUHVXOWV ZLOO VKRZWKDWLQIXWXUHDSUDFWLFDOLPSOHPHQWDWLRQ
RIWKHFRQWUROV\VWHPFRXOGQRWRQO\PDLQWDLQWKHWHPSHUDWXUHEXWDOVRWRKHDWXSWKHWUHDWHGSDUWV
7KH UHPDLQLQJ SDUW RI WKH SDSHU LV RUJDQL]HG DV IROORZV ,Q VHFWLRQ  LV SUHVHQWHG WKH SODVPD LRQ QLWULGLQJ
HTXLSPHQW DQG VRPH RI WKH DFWXDO 3,' FRQWURO V\VWHP FKDUDFWHULVWLFV 7KH IX]]\ FRQWUROOHU IRU WKH ZRUNSLHFH
WHPSHUDWXUH LVGHVFULEHGLQVHFWLRQ 7KHVHFWLRQ  FRQWDLQVWKH VLPXODWLRQGLDJUDP RIWKH ZRUNSLHFHWHPSHUDWXUH
FRQWURO V\VWHP LQ SODVPD QLWULGLQJ SURFHVV DQG VRPH UHVXOWV REWDLQHG XVLQJ WKH 0DWODE6LPXOLQN HQYLURQPHQW
&RQFOXVLRQVDUHPDGHLQWKHILQDOSDUWRIWKHSDSHU
 3ODVPDQLWULGLQJ HTXLSPHQW$FWXDO3,'FRQWUROV\VWHP
3ODVPDQLWULGLQJ HTXLSPHQWV DUHGHVLJQHGWRDFKLHYHD WKHUPRFKHPLFDO QLWULGLQJWUHDWPHQW $VZDVDOVRVWDWHGLQ
WKHLQWURGXFWLRQ WKHSODVPD LRQ QLWULGLQJ LVPDGHLQDYDFXXPFKDPEHUXVLQJD GLUHFWFXUUHQW'&JORZGLVFKDUJH
SKHQRPHQD $ VFKHPDWLF GLDJUDP RI 3,1 V\VWHP DQG WKH H[SHULPHQWDO HTXLSPHQW DUH SUHVHQWHG LQ )LJ  6RPH
WHFKQLFDOGHWDLOVRIWKLV ZHUH SUHVHQWHGLQ>@
)LJ D 6FKHPDWLFGLDJUDPRI3,1V\VWHPE 3,1H[SHULPHQWDOHTXLSPHQW
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 1LWULGLQJSURFHVVGHVFULSWLRQ
7KHHTXLSPHQW FRQWDLQV D EDVLFDUUDQJHPHQW ZLWK DYDFXXPSXPS WKDW HYDFXDWHVWKHLQWHULRURIWKHPDFKLQH WRD
EDVHSUHVVXUH RI  WRUU LQRUGHUWRPLQLPL]HWKHUHVWR[\JHQSDUWLDOSUHVVXUHLQ WKH ZRUNFKDPEHU7KH '&YROWDJHLV
DSSOLHG EHWZHHQ WKH ORDG FRPSRVHG RI VHYHUDO ZRUNSLHFHV ZKLFK DFWV DV D FDWKRGH DQG WKH LQVLGHZDOO RI WKH
PDFKLQH ZKLFKLVWKH DQRGH :KHQD'&YROWDJHLVDSSOLHGWRWKHHOHFWURGHVXQGHUUHGXFHGDWPRVSKHULFSUHVVXUH
JORZGLVFKDUJHRFFXUVDFURVVWKHHOHFWURGHVDQGLQWKLVPDQQHUWKH ORDG FDQEH VXEMHFWHGWRQLWULGLQJ
)LUVWWKH ZRUNSLHFHV DUH KHDWHGXSE\JORZGLVFKDUJH DQG WKHQ DWWKHVSHFLILHGWHPSHUDWXUH QLWURJHQDQGK\GURJHQ
DUH ILOOHG LQWR WKHFKDPEHUXQWLO WKH WRWDOSUHVVXUHEHFDPH WRUU ,Q WKH JORZ GLVFKDUJH RIQLWURJHQHOHFWURQVDUH
UHOHDVHGIURPWKHFDWKRGHWRZDUGWKHDQRGH7KHVHHOHFWURQVFROOLGHZLWKJDVPROHFXOHVLQWURGXFHGLQWRWKHPDFKLQH
FRQYHUWLQJ WKH JDV PROHFXOHV LQWR LRQV 7KH UHVXOWLQJ LRQV DUH DFFHOHUDWHG WRZDUG WKH FDWKRGH WKDW LV WKH ORDG
FRQWDLQLQJ VHYHUDO ZRUNSLHFHVSHQHWUDWLQJLQWRWKH ZRUNSLHFHV VXUIDFHZKHQWKH\FROOLGHZLWKWKHVXUIDFH 7KHJDV
LV HYDFXDWHGRXWE\URWDU\SXPSWRNHHSSUHVVXUHLQ WKHZRUNFKDPEHUFRQVWDQW $OVR WKHZRUNFKDPEHUZLWKGRXEOH
ZDOOVLV FRROHGGRZQ XVLQJDZDWHUFRROLQJV\VWHP
 0RWLYDWLRQRILPSURYLQJWKHDFWXDOFRQWUROV\VWHP
7KHUHDUHDORWRISDUDPHWHUVWKDWPXVWEHFRQVLGHUHG LQWKH QLWULGLQJSURFHVV LH ZRUNLQJWHPSHUDWXUH JDVIORZ
JORZGLVFKDUJH GLVWDQFH YDFXXP LQ WKHZRUNFKDPEHU'&SRZHU'&YROWDJH ELDV'& FXUUHQW ORDGPDVV ORDG
PDWHULDO SURSHUWLHV WLPH RI QLWULGLQJ SURFHVV $IWHU D VKRUW DQDO\VLV RI WKH DFWXDO H[SHULPHQWDO HTXLSPHQW WKH
ZRUNLQJWHPSHUDWXUH KDV EHHQFKRVHQDVFRQWUROOHGSDUDPHWHU DQGWKH'&FXUUHQWDVFRPPDQG YDULDEOH7KHRWKHUV
SURFHVVSDUDPHWHUVDUHFRQVLGHUHGFRQVWDQWRUDGMXVWHGPDQXDOO\
,Q WKH DFWXDO QLWULGLQJ V\VWHP WKH WHPSHUDWXUH LVPHDVXUHG XVLQJ D WKHUPRFRXSOH PRXQWHG RQ D WHVW SLHFH EXW
HOHFWULFDOO\ LVRODWHG IURP WKLV DQG PRGLILHG E\ WKH 6KLPDGHQ 65 3,' FRQWUROOHU XQGHU WKH VXSHUYLVLRQ RI WKH
RSHUDWRU 7KHH[SHULPHQWV VKRZV WKDW WHPSHUDWXUHHYROXWLRQ LQ WKHQLWULGLQJSURFHVV LV QRQOLQHDUDQG WKH RSHUDWRU
VXSHUYLVLRQLVQHFHVVDU\EHFDXVHWKHFRQWUROOHULPSOHPHQWHGLVQRWYHU\IOH[LEOHDQG VKRXOGEHDGMXVWHGGXULQJWKH
H[HFXWLRQSURFHVVRIQLWULGLQJ
$WILUVWWKHKHDWLQJLVYHU\VORZ DQGDIWHUWKHVWDELOL]DWLRQRIWKHJORZGLVFKDUJHWKHWHPSHUDWXUH LQFUHDVHV E\
GHJUHH LQPLQXWHV XQWLOLWUHDFKHVDERXW & 7KHQ WKH ULVH VORSHRI WKHWHPSHUDWXUHLVJUHDWHU DERXW & RQ
D PLQXWH 7KH KHDWLQJSURFHVVRIWKHZRUNSLHFH LQJORZGLVFKDUJH XQWLOGHJUHHVPXVWEHGRQHPDQXDOO\ )URP
WKLVSRLQW LVFRXSOHG WKH '&ELDV YROWDJH DQGVWDUWV WKH SRZHUKHDWLQJRIWKHZRUNSLHFH $WWKHVDPHWLPH WKH
ZRUNFKDPEHUZDWHUFRROLQJV\VWHP LWLVVZLWFKHGRQ DQG WKH JDV PL[WXUH IORZ LV PDLQWDLQHGFRQVWDQW 7KXVPRVWRI
WKHSODQWSDUDPHWHUVDUHFRQVWDQWDQGQLWULGLQJSURFHVVLVDGMXVWHGRQO\E\WKHDFWXDO3,'FRQWUROOHU
7KHPHDVXUHPHQWVPDGHGXULQJQLWULGLQJH[SHULPHQWV VKRZDYDULDEOH ULVLQJVORSHRI WKHZRUNLQJ WHPSHUDWXUH
LH &PLQ LQ WKH VDPH SURFHVV DFFRUGLQJ WR WKH LQWHUPHGLDWH WHPSHUDWXUH WKH ZHLJKW DQG VKDSH RI WKH
ZRUNSLHFHWKHPDWHULDOSURSHUWLHVDQGRWKHUXQNQRZQIDFWRUV)RUWKHVHUHDVRQVLWLVQHFHVVDU\WKHVXUYHLOODQFHRI
WKHQLWULGLQJSURFHVVDQG FRQWLQXRXV FKDQJHRI3,'FRQVWDQWV ,QVXFKFDVHVDEHWWHURSWLRQFRXOGEHDQLQWHOOLJHQW
FRQWUROOHU LHIX]]\ORJLFV\VWHP
 7KHVWUXFWXUHRIWKHIX]]\ ORJLFFRQWUROOHU
)X]]\ ORJLF EDVHG FRQWURO V\VWHPV LH IX]]\ FRQWUROOHUV SURYLGH D XVHIXO VROXWLRQ ZKHQ FRQWUROOLQJ SODQWV
FKDUDFWHUL]HGE\ QRQOLQHDULWLHVDQGXQFHUWDLQWLHV 7KHGHVLJQRIWKHIX]]\FRQWUROOHUFDQEHUHVXPHGWRFKRRVLQJDQG
SURFHVVLQJ WKH LQSXWVDQGRXWSXWVRI WKHFRQWUROOHUDQGGHVLJQLQJ LWV IRXUFRPSRQHQWHOHPHQWV SUHVHQWHG LQ)LJ
WKHUXOHEDVHWKHLQIHUHQFHHQJLQHWKHIX]]LILFDWLRQDQGWKHGHIX]]LILFDWLRQLQWHUIDFHV>@ $Q LPSRUWDQWIDFWRU
LQWKHGHVLJQRI WKLV FRQWUROV\VWHPLVJLYHQ E\ WKHSUDFWLFDOH[SHULHQFHLQQLWULGLQJSURFHVVHV
6RDIWHUDGHWDLOHGDQDO\VLVRIWKHSUREOHP ZHUHFKRVHQIRU WKHIX]]\FRQWURO WKUHHLQSXWVDQGRQHRXWSXW 7KH
LQSXWV WR WKH IX]]\ FRQWUROOHU DUH WHPSHUDWXUH HUURU H7Z LH WKH GHYLDWLRQ EHWZHHQ WKH GHVLUHG ZRUNSLHFH
WHPSHUDWXUHDQGDFWXDOWHPSHUDWXUH WKHFKDQJHLQ WHPSHUDWXUHHUURU FH7Z DQGWKHORDGPDVV P DFWXDOO\DFRQVWDQW
YDOXH GXULQJDQLWULGLQJSURFHVV 7KHRXWSXWIURPWKHIX]]\V\VWHPLV WKHFKDQJHLQ FRPPDQG YROWDJH FX $OWKRXJK
WKHXVHRIPXOWLSOHOLQJXLVWLFYDULDEOHVFRPSOLFDWHWKHFRQVWUXFWLRQDQGRSHUDWLRQRIWKHIX]]\ FRQWUROOHU WKHWKLUG




LQSXWLVYHU\LPSRUWDQW EHFDXVHWKLVSDUDPHWHULQIOXHQFHVWKH JORZ GLVFKDUJHDQGORDGWHPSHUDWXUH 0RUHRYHU WKH




7KHXQLYHUVHRIGLVFRXUVHRIWKHYDULDEOHVZDV GHWHUPLQHGDIWHUVLPXODWLRQV DQG FRYHUV DOOSRVVLEOH FULVSYDOXHV
7RVLPSOLI\ WKH IXWXUH LPSOHPHQWDWLRQRI WKHFRQWUROOHUD VWDQGDUGFKRLFH IRU WKHPHPEHUVKLSIXQFWLRQVZDVXVHG
ZLWK WKUHH PHPEHUVKLS IXQFWLRQV IRU WKH IX]]\ LQSXWV PHDQLQJ   UXOHV LQ WKH UXOHEDVH RYHUODSSLQJ
WULDQJXODU DQGWUDSH]RLGDO VKDSHGPHPEHUVKLSIXQFWLRQV)LJ 
)LJ  )X]]\VHWVIRUWKH LQSXWDQGRXWSXW YDULDEOHV
7KH IX]]\ FRQWUROOHU LPSOHPHQWV D UXOH EDVH PDGH RI D VHW RI ,)7+(1 W\SH RI UXOHV 7KHVH UXOHV ZHUH
GHWHUPLQHG EDVHG RQ WKH NQRZOHGJH RI WKH QLWULGLQJ SURFHVV DQG SUDFWLFDO H[SHULHQFH 7KH UHVXOWLQJ UXOH WDEOH LV
VKRZQLQ 7DEOH
7KHPLQPD[ LQIHUHQFH HQJLQH ZDV FKRVHQ ZKLFK IRU WKH SUHPLVHV XVHV PD[LPXP IRU WKH 25 RSHUDWRU DQG
PLQLPXPIRUWKH$1'RSHUDWRU7KHFRQFOXVLRQRIHDFKUXOHLQWURGXFHGE\7+(1LVDOVRGRQHE\PLQLPXP7KH
ILQDOFRQFOXVLRQIRUWKHDFWLYHUXOHVLVREWDLQHGE\WKHPD[LPXPRIWKHFRQVLGHUHGIX]]\VHWV
7RREWDLQ WKHFULVSRXWSXW WKHFHQWUHRIJUDYLW\ &2*GHIX]]LILFDWLRQPHWKRG LVXVHG7KLVFULVSYDOXH LV WKH
UHVXOWLQJFRQWUROOHURXWSXW
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7DEOH )X]]\FRQWUROOHU¶V 5XOHEDVH
H7Z?FH7Z
P LV 6 H7Z?FH7Z
P LV 0 H7Z?FH7Z
P LV %
1 = 3 1 = 3 1 = 3
1 16 16  1 1% 16  1 1% 1% 
= 16  36 = 16  36 = 16  36
3  36 36 3  36 3% 3  3% 3%
 6LPXODWLRQRIWKHIX]]\FRQWURORIWKHZRUNSLHFHWHPSHUDWXUHLQQLWULGLQJSURFHVV
7KHVLPXODWLRQGLDJUDPRIWKHIX]]\FRQWURORIWKHZRUNSLHFHWHPSHUDWXUHLQQLWULGLQJSURFHVV SUHVHQWHGLQ)LJ
 LVLPSOHPHQWHGLQ0DWODE6LPXOLQNHQYLURQPHQW >@ )URPWKLV GLDJUDP LW FDQEH REVHUYHGWKDWWKH IX]]\ORJLF




DQGRQHRXWSXWQHXURQ'HWDLOVDERXW WKHFRQVWUXFWLRQRIWKHQHXUDOQHWZRUN PRGHO IRUWKHZRUNSLHFHKHDWLQJ HIIHFW
LQQLWULGLQJSURFHVVHV FDQ EHIRXQGLQ>@ $OVR DVKRUW DQDO\VLV WKH WUDLQLQJWHVWLQJDQGYDOLGDWLRQRIWKHQHXUDO
QHWZRUN DUHSUHVHQWHGLQ>@
)RUFRPSDWLELOLW\ZLWKWKHFRQVWUXFWHGQHXUDOQHWZRUN LWZDV LQWURGXFHGLQWKHVLPXOLQNGLDJUDPVRPHDGGLWLRQDO
VLJQDOV 6R WKH ORDGZRUNSLHFHV WHPSHUDWXUH 7Z KHDWLQJ HIIHFW RI WKH JORZ GLVFKDUJH LV D IXQFWLRQ  RI ILYH
SDUDPHWHUV GHVLUHG WHPSHUDWXUH RI WKH ZRUNSLHFH 7G FRPPDQG YROWDJH X WLPH W PDVV RI WKH ORDG P DQG
WHPSHUDWXUHFKDQJLQJFRHIILFLHQW 7JU7KHJDVPL[WXUHIORZLVFRQVLGHUHGFRQVWDQW
 JUGZ 7PWX7I7  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